Abstract The use of expenditure surveys to measure food insecurity is widely discussed. In this study, we investigate food insecurity in terms of monetary poverty. Using a Malian survey that incorporates exceptionally detailed information on food consumption, we estimate that 35 % of the households are in a paradoxical situation, some poor households managing to cover their caloric requirements by eating cheap calories and some non-poor households not doing so because they consume expensive calories and/or face constraints such as the obligation to share meals with visitors and high expenditure on health care or transportation. These findings highlight precautions that need to be taken when measuring food insecurity through monetary income or expenditure indicators.
Introduction
Estimating the number of people who are food insecure is an important monitoring issue for development and food security policies, as well as for monitoring the impacts of economic crises. However, there is no simple, universally accepted method for assessing the proportion of a population that is food-insecure, as Headey (2013) has recently demonstrated in his assessment of the impact of the 2007/08 global food crisis. Since the 1970s, the FAO method, which refers to the global level of food availability, has been based on food balance sheets, assessed from macroeconomic data on production, trade, and consumption. While this is legitimate at the international level, it is nonetheless criticized as an indicator of the number of people undernourished at local levels (for instance Svedberg 1999 Svedberg , 2000 Svedberg , 2002 . This is because it is based on highly aggregated data and hardly explicit hypotheses of distribution among individuals and households. However, during the past 2 years, the FAO has deployed a great deal of effort to update the food availability data as well as the methodology used to estimate undernourishment (e.g. FAO WFP and IFAD 2012) . Household surveys of certain countries have been used to assess more accurately the inequalities of food access within populations. While these changes have resulted in the revision downward of the number of undernourished and the finding that undernourishment has declined more strongly since 1990, the FAO acknowledges that important gaps in data and deficiencies in data quality remain. A more comprehensive picture of the food security situation in every country requires additional indicators (FAO WFP and IFAD 2012) . Svedberg (1999 Svedberg ( , 2002 recommends employing anthropometric indicators whereas Headey (2013) proposes using selfreporting indicators. Another alternative is to use food consumption and monetary poverty indicators obtained from Household Consumption and Expenditures Surveys (HCES) such as Living Standard Measurement Surveys (LSMS), mainly based on household expenditure recall. These surveys are conducted on a regular basis in most developing countries and encompass large representative samples of several thousand households. To our knowledge, surprisingly few authors (with the exception of Smith and I. Bocoum IRSTEA, UMR ITAP, F-34000 Montpellier, France Subandoro 2007) have formally raised and investigated the question of whether these surveys could be used to assess and monitor food security at the household and national levels. This very recent trend has been discussed both by global institutions and scientists.
Through joint initiatives, the World Bank and the FAO are currently trying to take stock from these household surveys. As a follow up to a meeting in 2010, the Committee on World Food Security (CFS) asked the FAO to revise its methodology for assessing undernourishment. One of the recommendations was to make more use of the large household surveys available in different countries. Discussions on this topic also took place at a workshop in Washington DC in April 2011 ("Monitoring, Assessment, and Data Working Group of the Ten Year Strategy for the Reduction of Vitamin and Mineral Deficiencies") 1 and at an international symposium in Rome in January 2012 ("International Scientific Symposium on Food & Nutrition Security").
The strengths and weaknesses of Household Consumption and Expenditure Surveys (HCES) were also recently discussed from a "nutrition community perspective" (Fiedler 2012 ) as a tool to assess dietary intake (e.g. Dop et al. 2012) or to design nutritional intervention programs (Murphy et al. 2012 ). These authors compared food consumption data calculated from HCES (including purchases, self-consumption and gifts received, expressed in monetary units and converted into kilograms, and then into calories, nutrients, etc.) with other means to measure food consumption (for instance, 24-h recall). In other words, they discuss the relevance of HCES from an external point of view, while we propose to discuss it from an internal one. Indeed, in the present paper, we put forward a comparison of the level of household poverty, which is the main objective of these surveys, with their level of food consumption. We examine in detail the households that have inadequate food consumption though are not poor according to the monetary poverty indicator and, conversely, those that have adequate food consumption but are monetarily poor.
The overall objective of this paper is thus also to contribute to the debate on the opportunity of using existing HCES to assess the food insecurity status of a population. Here we chose to stick to the original purpose of these HCES (measuring and monitoring poverty through monetary indicators) because a huge part of the limited statistical capacities of poor countries, especially those under the Debt Initiative for the heavily indebted poor countries, is devoted to the calculation and monitoring of poverty using these HCES. The idea is to empirically verify whether this indicator of monetary poverty can be used as an indicator of food insecurity.
More precisely, using the national poverty assessment survey carried out in 2001 in Mali -which is unique as it captured both food consumption (measured in quantities) and expenditures (measured in monetary units) -we compare the overlap between a poverty indicator and a food insecurity indicator (household caloric requirement). Certain HCES also include anthropometric indicators (in the case of Mali the 1988/89 budget and consumption survey and the 2001 national poverty assessment survey). Given that these indicators only focus on children under 5 years old, we assume that they are less representative of the holistic situation of the household than caloric intake. However, a persistent deficit of caloric intake and poor performance using anthropometric indicators shows that these are connected. Moreover, by considering the deficit of caloric intake as an indicator of food insecurity, our study is relevant for less developed countries where obesity problems do not exist or are rare.
The paper is structured as follows: after a brief review of the controversy in the scientific literature concerning the relationship between caloric intake and income/total expenditure, the study's methodology, data, and econometric model are presented. The next sections present the descriptive and econometric results. Section 5 finally discusses the results.
Literature review: relationship between caloric intake and income/total expenditure
The conventional view is that insufficient food consumption is linked to insufficient income (Strauss and Thomas 1995; Abdulai and Aubert 2004a, among others) . We expect therefore that poor households are food insecure and wealthy households are food secure. But the research results on this topic vary by author and type of indicator employed. Many authors have investigated the relationship between income or total household expenditure (easier to measure) and food insecurity, particularly through the study of "Engel curves 2 " of calories or more sophisticated demand models. The majority of these works (Subramanian and Deaton 1996; Ohri-Vachaspati et al. 1998; Abdulai and Aubert 2004b) have concluded that an increase in households' income or total expenditure would increase their consumption of calories. While these studies have strengthened the view that food insecurity (measured by caloric intake) is associated with low income, Behrman and Wolfe (1984) , Behrman and Deolalikar (1987) , and Bouis and Haddad (1992) have explained that an increase in a household's income (including among the poorest) is not necessarily accompanied by extra consumption of calories. It depends on income elasticity for each food item. Staple foods are usually considered to be inferior goods while meat and other processed foods are often regarded as normal or superior goods. Another explanation pointed out by Deaton and Dreze (2009) is an increase in food or calorie prices relative to the prices of others goods.
In India, Deaton and Dreze (2009) and Haddad (2009) have recently found that, despite rapid macroeconomic development -the growth of real incomes and the lack of an increase for food relative to income -individuals' caloric intakes declined between 1983 and 2004. These results are very troubling, as the authors themselves acknowledged. Finally, other studies (e.g. Baulch and Masset 2003; Darmon et al. 2010 ) have compared monetary poverty and various food security indicators (nutritional status, individuals' perceptions) and have found that the connections between these indicators are weak.
Materials and methods

Data
The data used here comes from a national household survey carried out in 2001 with the support of the World Bank -the Malian Poverty Assessment Survey (DNSI 2004) . Households were selected using a two-stage cluster sampling method: the enumeration area (EA) and the household (DNSI 2004) . The 1998 census divided the Malian territory into 12,000 EAs containing roughly 100 households each. For the survey, 750 EAs well distributed by region and rural/urban areas were randomly selected. Ten households were randomly selected from each EA, leading to an initial sample size of 7,500 households. Our analyses focused on a subsample of 4,952 households for which complete data were available and of which 3,121 were rural and 1,831 urban. The survey was conducted in four rounds between January and December 2001. The data collected concerned socio-economic characteristics, food and non-food expenditure statements, as well as the weights of food cooked and consumed in the households. Each round lasted 1 week during which the surveyors identified the weekly recurrent expenditure and the exceptional expenditure of the three previous months. Foods used in the preparation of various meals consumed at home were systematically weighed every day.
Empirical model
In this paper, we use caloric requirements as an indicator of food insecurity at the household level and compare it with an indicator of monetary poverty. This comparison gives four possible situations: poor households with insufficient calories, non-poor households with sufficient calories (both expected), poor households with sufficient calories and non-poor households with insufficient calories (both unexpected and paradoxical).
After examining the proportions of households in each situation, we tried to identify factors that affected the relationship between monetary poverty and total caloric requirements. These were the budget structure of households, the cost of the calories consumed, solidarity among households, education of households' women, possession of non-monetary assets, demographic characteristics of households, geographical location and ethnicity.
We used a multinomial logistic regression model in which the different combinations of monetary poverty and food consumption outputs are explained by a set of regressors, namely households' socio-demographic characteristics. The model is essentially empirical, the selected explanatory variables reflecting households' choices (cost of calories consumed, budget proportions) and demographic characteristics (region, ethnicity, environment, etc.) .
The probability for a household of being in a particular situation can be written as follows:
Where j=1,…,4 represents the situation in which the household is found (corresponds to one of the four modalities described above)
X is a vector of explanatory variables β is a vector of parameters associated with the explanatory variables k is the baseline The probability of being in a particular situation is considered in comparison with the probability of being in the base outcome and is written as:
The standard interpretation of the results of such a model consists in analysing factors that increase or decrease the probability of being in one situation with reference to a different situation. Such an interpretation is not really convenient in our case given the high number of situations, all being not relatively interpretable to a unique situation of reference. Marginal effects of changes in explanatory variables on the probability Prob(y =j|X) were thus calculated using the method proposed by (Chamberlain 1982; Cahuzac and Bontemps 2008) . These average marginal effects represent the variation in percentage points of the probability of being in a particular situation when an explanatory variable varies by a unit (quantitative variable) or 0-1 (dichotomous variable). Bartus (2005) considered this method as being the most relevant. The validity of the multinomial logit model is based primarily on the hypothesis of the independence of alternatives. Testing this hypothesis consists of checking that removing one of the four modalities from the dependent variable does not have a significant impact on the estimated coefficients.
Construction of caloric intake and poverty indicators
The total expenditure used to calculate the monetary poverty indicator reflects the sum of the expenditure really incurred, plus the amount of self-consumed production. A monetary value was given to self-consumed production using unit values of purchased goods (expenditure divided by quantities). Median unit values were used in each region. These unit values are quite similar to the actual prices available. In addition, the expenditure concerning durable goods was excluded due to the lack of information on the duration of their depreciation. According to Subramanian and Deaton (1996) , the exclusion of this type of expenditure is a standard procedure to minimize the statistical noise.
The poverty line was calculated for each region and type of area (rural or urban). Cost of calories corresponding to the average minimum caloric requirements in each zone (area or region) was estimated, based on an identical food basket containing the foods usually consumed in all regions. The result obtained corresponded to the food poverty line. This line thus depends in part on the structure of activities, age, and gender of individuals in each zone, which influence the minimum caloric requirements, and on the local prices of commodities included in the basket. To estimate the overall poverty line (also taking into account non-food requirements), households whose food expenditure was close to the food poverty line have been identified and their total average expenditure has been calculated.
Two techniques were tested (Bocoum 2011): one described by Pradhan et al. (2001) and another by Ravallion (1998) . Different results were found (see Table 5 ). The incidence of monetary poverty in Mali oscillates between 50 and 61 %, depending on the poverty line selected, but the regression results are not qualitatively different. Only the results of the lowest line (the most "optimistic") are presented here. To calculate the calories consumed for meals prepared and consumed inside the home, the weight of the food's edible portion used for preparing daily meals was converted into calories using a Malian food composition table (Nordeide 1997) . Leftovers and dishes given to other households were subtracted, while dishes received by the household were added to calculate the total amount of calories consumed daily inside the home. The amount of calories consumed outside the home by all household members was estimated and added to home consumption. The final total amount was then divided by the actual number of portions (number of people sharing the meals) to assess the household's average daily food consumption in calories per capita.
Caloric requirements were calculated for each individual in each household from the basal metabolic rate according to gender, age, weight, height, and considering a medium physical activity level. The calculation method was that of Swindale and Ohri-Vachaspati (2005) . Total energy requirement at the household level was calculated by dividing the average daily food consumption by the average requirement. Households not reaching 100 % were classified as "with insufficient caloric intake" and those reaching 100 % were classified as "with sufficient caloric intake". Tables 1 and 4 show the different characteristics related to the mean household budget and caloric consumption. The total annual expenditure (excluding durable goods) per household amounted to a national average of 96,825 CFA francs (FCFA) -79,577 FCFA and 145,197 FCFA in rural and urban areas respectively. The average rural income of 73,235 FCFA revealed by the more recent RuralStruc surveys 3 (Samaké et al. 2008 ) supports our estimates. But, our estimates are below the figures published by DNSI (2004) using the same survey as us: respectively 169,334 FCFA, 129,012 FCFA, and 267,682 FCFA at the national, rural and urban level.
Results
Characteristics of households' budget and caloric consumption
Although our estimates do not take into account the durable goods (1.8 % of household budget on average), the difference with the above figures is primarily due to the data cleanings made from the raw data (see Box 1). Indeed, there were many Box 1: Treatment of data outliers Data outliers on the quantities used for the preparation of meals and expenses have been detected and treated as follows. The statistical distribution of each type of food (over a hundred) and each of the 39 expenditure categories in each stratum (urban or rural area, region, household size) were analysed. Information outliers were identified by defining "realistic" inter-quartile intervals around the median of distributions. Different intervals were tested before selecting the intervals [median +/-2 * (third quartile -first quartile)] for weighted quantities and [median +/-6 * (third quartile -first quartile)] for the different expenditure types that seemed to be the most effective given the results. The correction of outliers and missing data consisted of imputing the median value per capita of distribution in the region and the environment in question. These data entries were made for a total of fewer than 10 % of observations, which limits the bias that such an action could potentially introduce. The fact remains that our data entry method has the potential effect of "centralizing" the data since we replaced extreme data, judged too weak or too strong, with a median value corresponding to a relatively "homogeneous" group (for the region, area, and household size). Given that this article highlights the extreme cases, it can be assumed that our data entry method has a reducing effect on them.
outliers identified in collaboration with statisticians of the National Institute of Statistics of Mali that have been corrected by imputation. Food expenditures represent on average 70 % of the total expenditures (72 % in rural areas and 62 % in urban areas). Cereals represent almost 50 % of the food expenditures (53 % in rural areas and 33 % in urban areas). The shares of food in terms of total expenditure, as well as the share of cereals within food expenditure decrease with increasing total expenditures, as the figures by quintiles of total expenditures show. This actually confirms respectively Engel's and Bennett's laws.
About 50 % of Malians were below the poverty line (respectively 54 % and 37 % of rural and urban inhabitants). The figures, obtained from the analysis of a recent smaller and less detailed survey, show a slight decrease in these poverty incidences which were 44 % at the national scale, 51 % at the rural scale and 31 % at the urban scale (Eozenou et al. 2013) . The inequalities of total expenditure between the households were very high between the poorest quintile and the least poor quintile, but also within the quintiles.
Our estimates showed that the average caloric intake reached 2,259 kcal per day per person in Mali in 2001. It should be noted that this result is very close to that estimated by the FAO 4 (2,390 kcal/day/person in 2001), indicating the relevancy of FAO's assessment for this indicator at national scale. In our case, individual food consumption surveys were compiled, whereas the FAO estimate was made based on a food balance sheet from agricultural statistics and average consumption 'norms.' This closeness of the results surprised us given the complexity of the surveys and aggregation calculations in both cases, and tends to reinforce the two methodologies.
There is little difference between rural and urban inhabitants (respectively 2,245 and 2,298 kcal/day/person). In contrast, the poorest have a significantly lower caloric intake in both rural and urban areas.
The main sources of calories are cereals. They represent, on average, 82 % of the total calories consumed. This share is higher in rural areas but decreases with increasing total expenditures.
The share of cereals in total consumption is closely related to the average cost of the calories consumed. Indeed, cereals represent the cheapest source of calories and a lower proportion of this type of food in the food basket is associated with a higher average cost of calories, but also with a more diversified diet. On average, energy consumption reached 2,409 kcal/day/ person at the national level (respectively 2,467 and 2,249 in rural and urban environments). Country-wide, Malians consume approximately 94 % of their total energy requirement (i.e. calorie intake/average requirement): this is a mean of 91 % in rural areas and 102 % in urban areas. But this is a very incomplete picture because it ignores inequalities. Indeed, if this calculation is done at the household level, 62 % of Malians appear in caloric deficit (66 % in rural areas versus 51 % in urban areas).
At the country level, and both in rural and in urban areas, the percentage of households in caloric deficit was higher than those that are poor. Moreover, even in the richest quintile of the population, the incidence of energetic deficit was high (between 40 and 50 %). Figure 1 is divided into four quadrants on the basis of calories consumed and total expenditure for each household. Calories consumed are presented as proportions of the minimum sufficiency (the horizontal line). Household expenditures are presented as proportions of the poverty line (the vertical line) Quadrant (1) contains households below the poverty line which are calorie deficient; quadrant (2) contains households above the poverty line which are calorie sufficient; quadrant (3) contains households which, although below the poverty line, are also calorie sufficient; and quadrant (4) contains house which are above the poverty line but are calorie deficient.
The "expected" cases (quadrants 1 and 2) represented 65 % of the overall population -67 % and 61 % in rural and urban areas respectively. The "unexpected" cases (3 and 4) represented 35 % of the population -33 % of the rural population and 39 % of the urban population.
Characteristics related to different combinations of monetary poverty and food consumption outputs
The econometric estimate suggests ways to characterize the households found in the different quadrants, particularly in quadrants 3 and 4. The explanatory variables in the regression model are described in Tables 2 and 3. Table 7 in the Annex shows the results of this analysis. These regression analyses were made in urban and rural areas, as the consumption characteristics are fundamentally different between these two environments. There are thus two multinomial logistic regressions each for the four modalities corresponding to the four quadrants in Fig. 1 .
McFadden's pseudo-R2 presented below in Table 7 allows measuring the quality of model adjustment (Green 2000) . This indicator has a limited value in models with discrete dependent variables (it is found in most applications between 0.2 and 0.6: Gujarati 2004). It is respectively 0.31 and 0.37 in rural and urban areas in our study, indicating that the quality of our model adjustment is high.
The hypothesis of the independence of irrelevant alternatives is valid when the omission of one of the dependent variable modalities has no effect on the estimated parameters (Green op. cit .) The Chi-squared statistics provided by Hausman tests 5 in our case allow us to validate this hypothesis. It is likely that the endogeneity of explanatory variables arises for some variables in our model (e.g. the average cost of calories), though it was not formally tested. However, as our goal is only descriptive, this problem is less troublesome. Finally, given the large number of explanatory variables, the risk of collinearity between some variables is high. Correlation tests, however, showed a weak link between the different variables ( Table 6 shows the matrix of correlation).
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The distribution of households across the quadrants in rural and in urban areas was different, especially for the "expected" cases (quadrants 1 and 2). The proportion of poor households with insufficient caloric intake was higher in rural areas than in urban areas (43 % versus 25 %). On the other hand, the proportion of non-poor with sufficient caloric intake was higher in urban areas than in rural areas (36 % versus 24 %).
Among the variables studied, the cost of calories and the household size were those that most often explained the position of households across the four quadrants (Table 7) . In rural areas, the number of visitors sharing households' meals and residing in the Koulikoro region were also important determinants, whatever the quadrant considered. In urban areas, the proportion of children in the household and residing in the Segou, Sikasso, and Gao regions were most often the determinant variables (The Box 2 below presents the main characteristics of the different regions of Mali). , the majority of the population is involved in agriculturally-based activities. The Northern regions (Tombouctou, Gao and Kidal) are the most arid with less than 250 mm of rainfall per year. These zones are structurally deficient in terms of food production. The main activities are nomadic and transhumant pastoralism. Mopti is located in the South of Tombouctou and receives up to 600 mm of rainfall per year. The main activities are agriculture (dry cereals and rice in the Niger Delta) and agro-pastoralism. Kayes, Koulikoro and Segou are located in the South-West of Mopti. The activities in these regions vary from livestock rearing in the more arid Northern bound to dry cereals production and more diversified agricultural productions in the Southern bound (maize, cotton and fruits). The "Office du Niger" in Segou is the zone where the main irrigation installations for rice production are located. The Northwest of the region of Kayes is known as the zone where the people receive many remittances. Finally, the region of Sikasso at the extreme South of Mali is the most fertile and is often called the attic of Mali. The main products of this region are maize, cotton and fruits.
Before focusing on the paradoxical cases (quadrants 3 and 4), the characteristics of households in the two "expected" cases (quadrants 1 and 2) are presented.
Being non-poor with sufficient caloric intake was associated with higher cost of calories consumed and lower household size in both rural and urban areas, but these associations were stronger in urban areas than in rural areas. Moreover, in rural areas, being non-poor with sufficient calories was associated with higher numbers of livestock per capita and higher numbers of visitors sharing the households' meals.
Being poor with insufficient caloric intake was associated, in both areas, with higher household size (effect of higher household size stronger in rural areas). In rural areas only, being poor with insufficient calories was associated with the consumption of cheaper calories, greater expenditure on tobacco and alcohol, fewer visitors sharing households' meals, more numerous dishes received and a lower share of own production in the calories consumed. In urban areas only, a higher proportion of children under 15 years old in the household had a positive (but weak) effect on the probability of being poor with insufficient calories. In these areas, this probability was also linked to a lower level of women's education. This finding tracked well with the negative relation between child malnutrition and women's education shown by previous works such as Smith and Haddad (2002) .
Ethnicity is a significant determinant of the above "expected cases" only in rural areas. Belonging to the Sarakole ethnic group in comparison to belonging to the Bambara/Malinké group (the most populous) was strongly and positively associated with the probability of being non-poor with sufficient calories and negatively associated with being poor with insufficient calories.
Some regions were also significantly associated with these probabilities in both areas. Living in the rural areas of Kayes and Koulikoro, when compared to living in the rural areas of Mopti (the region randomly selected as the reference), was strongly and positively associated with the probability of being poor with insufficient calories and negatively associated with being non-poor with sufficient calories. Living in the urban areas of Segou and Sikasso, when compared to living in Bamako (the biggest urban centre), was strongly and positively associated with the probability of being non-poor with sufficient calories and negatively associated with being poor with insufficient calories. On the contrary, living in the urban areas of Gao, when compared to living in Bamako, was strongly and negatively associated with the probability of being non-poor with sufficient calories, whereas it was positively associated with being poor with insufficient calories.
Quadrants 3 and 4 are now analysed in depth because they are of particular interest to understand why it is sometimes difficult to estimate food insecurity using monetary indicators.
& Probability of being poor with sufficient caloric intake (quadrant 3)
In rural areas, this probability was strongly associated with the lower cost of calories consumed by the household 7 and fewer visitors who shared the household's meals. This probability was also associated with lower household size and a higher share of consumption that came from self-production, but these links were weaker. Moreover, poor households with sufficient calories belonged more to the Sarakole and Dogon ethnic groups rather than the Bambara/Malinke ethnic group, and lived more in the Mopti region rather than the Kayes, Koulikoro, and Sikasso regions.
In urban areas, the probability of being poor with sufficient calories was strongly associated with the lower cost of calories consumed and greater number of livestock owned by the household. This probability was also associated with a lower proportion of children under 15 years old in the household and a higher proportion of consumption that came from own production, but these links were weaker. Finally, this probability was strongly associated with living in Bamako as opposed to living in Kayes, Segou, Sikasso, or Gao.
& Probability of being non-poor with insufficient caloric intake (quadrant 4)
In rural areas, this probability was strongly associated with greater health care expenditure, higher cost of calories consumed, a greater number of visitors sharing meals, and fewer meals received from other households. Moreover, this probability was associated with greater household size, but the link was relatively weak. The non-poor with insufficient calories in rural areas were of Peulh or Bobo ethnicity rather than Bambara/ Malinke, and lived in the Koulikoro or Segou regions. In urban areas, being non-poor with insufficient caloric intake was also strongly associated with the higher cost of calories consumed by the household,a greater number of visitors sharing meals and living in Mopti rather than Bamako There were also weaker associations between this probability and higher transportation expenditure, greater household size, and a greater number of children under 15 years old in the household.
Discussion
The results concerning the strong relation between the cost of calories and the probability of being in one quadrant or another mainly reflects two behaviours:
(1) On average, the non-poor consumed more expensive calories than the poor; this is because of the diversification of their diet, which is less centred on staple foods such as local cereals (See Table 1 );
(2) The households that consumed "paradoxically" were those that tended to consume either the least expensive calories (poor with sufficient calories) or the most expensive calories (rich with insufficient calories). This was true in both rural and urban areas.
In rural areas, it is difficult to say whether these findings reflect the households' preferences to consume cheaper products or an availability constraint: in some remote villages, in the absence of exchange through local markets, diets will be limited to items that can be produced in the region. Agro-climatic conditions determine in this case the components of the food basket. Because cereals are the cheapest source of calories and most commonly grown products, this explains the significant relationship found between higher self-production and being poor with sufficient calories.
At the urban level, as different foods are available in the market, the findings were more linked to preferences, at least for the atypical households. The rate of self-consumption was much lower in the cities (results not shown), and thus people could "choose" with fewer constraints and express various preferences. 8 We keep with Sen's (1992) findings that the differences of goals and the variation in the ability to use endowments help to explain differences in behaviour. We also keep with those of Deaton (1997) , for whom the existence of non-poor people with an unsatisfactory diet or poor people with an adequate diet are related to the fact that not all households spend a sufficient proportion of their revenue on food in terms of nutritional requirements.
Even poor people can have a relatively satisfactory diet (in the sense of their caloric requirementi) if they spend a larger proportion of their budget on food and if they mostly eat low-cost foods (see Table 4 ). From a case study in several developing countries, Banerjee and Duflo (2007) showed that the poor often spent large sums of money on tobacco, alcohol, or various traditional ceremonies. As this expenditure is not "top priority," they concluded that the poor actually have many choices for managing their budget that would enable them to significantly improve the quality of their food consumption, but they make different choices. These different empirical studiess challenge the hierarchy of requirements established by Maslow. Many people prefer to meet social or private requirements, also regarded as "secondary," before completely covering their theoretical nutritional requirements. This implies that good nutrition does not necessarily result from improvements in income alone. Nutrition education may be as important for achieving good nutrition.
Moreover, the increased cost of health care in urban areas and of transport in rural areas increases the probability of calorie deficiency despite adequate total expenditure.
The significant effect of the number of guests at mealtime in rural areas means that, in some cases, lesser social costs promote the ability to meet caloric requirements despite limited financial resources, and in others the inability to cover requirements despite a priori sufficient resources.
The significant effect of household size on caloric requirements or lack thereof on the poor and non-poor confirms the negative relationship between the level of caloric intake and the household size found in other studies (Rogers and Lowdermilk 1991; Subramanian and Deaton op. cit .; Abdulai and Aubert 2004a) .
Our results are mainly based on the comparison of different types of households defined using a particular crossing of monetary poverty and caloric requirements indicators. The main weakness of the method is the attribution of the same characteristics to different households regardless of their proximity or their distance from the monetary poverty line or from the caloric intake threshold. This does not, however, question the validity of the results for a large portion of the population.
We used the most recent, large, and complete household survey available in Mali, which allowed the simultaneous assessment of both household food consumption, using the weights of the different foods consumed at home and monetary poverty using detailed expenditure data. To our knowledge there is no other survey available in the Sahel that has these characteristics. There are, of course, other more recent surveys called "Enquête Légère Integrée Auprès des Ménages" (ELIM) carried out in 2003, 2006 and 2010 . Although these surveys include food consumption information, the method of collection of the data is far less precise because they are based on the recall of quantities and frequencies of different items consumed.
By using data from the 2001 household survey, our purpose was not to give a recent account of food insecurity in Mali but to draw attention to the paradox that poor households below the poverty line may consume sufficient calories while those above the poverty line may consume insufficient calories. Our hypothesis is that the factors explaining this paradox are more structural than transient, as may be the food insecurity situation.
Determination of the intra-household distribution of calories is beyond the scope of the present study but should be the subject of further research.. Further research is also required to compare poverty indicators with more qualitative food consumption indicators, such as nutrient deficiencies as a household may consume many calories but have a very poor diet in terms of essential nutrients.
Conclusions
By assigning households to quadrants according to whether or not their caloric requirements are met and according to their position in relation to the poverty line, we have estimated that 11 % of households meet their caloric requirements although they are poor, and 24 % do not meet them even though they are above the poverty line. The discrepancy between these two indicators is not intrinsically surprising because the determinants of poverty and food insecurity are not necessarily the same. Yet, for most households, the monetary poverty indicator, most frequently available through surveys of households, adequately reflects satisfaction of caloric requirements' coverage.
We have shown that non-poor households do not cover their caloric requirements due to eating habits that are characterized by consuming especially expensive calories and because of certain binding expenditures (health care and transport). In contrast, poor households can meet their requirements when they consume inexpensive calories, but this is likely to be at the expense of the overall quality of their diet. These findings challenge a vision which is centred on the need to meet their caloric requirements as the primary goal of the poorest households.
This research supports the idea that monetary poverty could be a fairly good indicator of food insecurity, but it raises awareness on precautions to make while measuring food insecurity soley through monetary indicators.
Above all, it encourages more frequent use of household surveys in monitoring food security. A cost-effective and precision-conscious way to proceed would consist of complementing monetary indicators with other available information. These could be specific food habits, degree of solidarity between households, vulnerability due to health problems or large household size. Moreover, these surveys offer opportunities to analyse further many other issues for better monitoring of food insecurity and improved food security policies, such as access to inputs in rural areas (land, credit, seeds), access to markets, existence and quality of roads, influence of pricing, also cultural and religious factors.
A deficit in caloric intake is only one aspect of household food insecurity. The results presented in this study thus encourage further research to describe and analyse the complex relationships between the different dimensions of food insecurity and poverty at the household level. 
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